They showed explicitly that inside a model surface LDA works weil as compared to the exact result for the random-phase approximation, both for the annihilation rate and the correlation energy. However, the low-density limit of Xo(n) is 2 nsec which gives an upper limit of 500 psec for the lifetime calculated from Eq. (1). An experimental lifetime longer than that, in the absence of long-lived orthopositronium, provides clear evidence for the breakdown of LDA.
Inside a metal the positron-electron correlation energy, which arises from the screening, can be calculated by use of the LDA. Outside the metal surface, however, this cannot be done; in the vacuum far from the surface the positron correlation potential must approach the iong-range image potential.
The approximation of matching the local correlation energy to the asymptotic image potential was suggested by Hodges and Stott who were the first to predict theoretically the existence of the positron surface state. As the positron far outside the surface feels the full image potential, the screening charge resides in the metal (forming the image), the positron is bare, and the local annihilation rate is zero. Thus the use of LDA for the annihilation rate ()t -2 nsec ') far outside the surface is inconsistent with the use of the image potential for the correlation energy (A. -0) . This inconsistency appears in the previous local-density calculations. We have now recalculated, using the three- applied to the same positron and electron distributions.
In conclusion, when the positron correlation energy and annihilation rate are calculated in a consistent way, the theory explains, at least qualitatively, the lifetime of the positron surface state. A quantitative first-principles calculation, however, still constitutes a challenge to theorists.
